Abstract-This contribution shows the application of multiview processing technique to a recently-developed real-time 3D microwave camera. The camera, which operates based on efficient synthetic aperture radar (SAR) imaging techniques, provides a good trade-off between fast image production and image quality. These cameras, as it happens with standard optical cameras, provide a good image of a volume in front of their apertures, but they cannot provide information about the complete object under test. Furthermore, it is usually convenient to consider multiple view angles as the best quality image is achieved when the area to be image is parallel to the aperture (as the specular reflection is captured). In this paper, we illustrate how recently-developed techniques, inspired from computer vision approaches, can be used to merge multiple views to obtain a more complete image of an object.
I. INTRODUCTION
Electromagnetic imaging exploits the capability of electromagnetic waves to penetrate through visually opaque (dielectric) materials to provide information, which cannot be observed by the human eye or optical cameras. There are a number of approaches [1] to build this kind of images depending on the particular nature of the problem, the degree of accuracy and the required processing speed.
One of the most effective imaging techniques is based on synthetic aperture radar (SAR) processing, which has been successfully applied to different fields such as security [2] and non-destructive evaluation [3] . In this approach, several transmitters and receivers are placed in an aperture to illuminate an object and capture the reflected field, which is subsequently processed using Fast Fourier Transform (FFT), to provide the final image.
This approach provides imaging information about the object right in front of imaging aperture. However, portions of the object that are not illuminated by the imaging aperture will not be detected and imaged [4] , similar to when using a conventional optical camera. Nevertheless, if multiple views are captured, then computer vision (CV) techniques can be employed to merge them into a more complete model [5] .
Some of these techniques from CV have been recently adapted to SAR approaches to bypass the aforementioned problems [6] . Furthermore, these techniques are mainly developed for relatively small scanners, which can be arbitrarily moved, in contrast to bulky scanners, but they are only able to image a smaller volume as a consequence of their smaller size. In this contribution, these techniques are applied for the first time to a recently-developed real-time microwave camera [7] in place of the usual raster scanning [6] . This step provides an intermediate milestone towards the possibility of developing a portable free-hand scanner.
II. MULTIVIEW IMAGING WITH PORTABLE MICROWAVE
CAMERA As an intermediate step before including an accurate positioning system, here we consider the real-time camera positions are a priori known. This enables us to first validate the quality of the potential images that could be produced by the complete scanner consisting of the microwave camera together with the positioning system.
The real-time microwave camera used here [7] provides a set of non-uniformly spaced samples, which does not correspond to a uniform grid as required by conventional SAR algorithms. Thus, the raw data are processed as discussed in [7] , to provide a set of samples equally spaced along the aperture of the microwave camera. These data are acquired for a preset number of frequencies in the 20−30 GHz range. Subsequently, they are processed by means of a range-migration algorithm based on FFTs [8] to estimate the reflectivity ρ n r n , where r n denotes the observation point expressed in the local coordinates system for the n-th position.
If the positions of the microwave camera are known, then this local reflectivity can be translated into a global coordinates system. However, if this position information is contaminated by an error in the order of a wavelength or more, as it is usually the case when considering photogrametry or similar approaches, then the preferred way to merge the local reflectivities is to resort to non-coherent approaches. In particular, most of problems [4] analyzed with SAR techniques try to find areas with high reflections, as they usually indicate of anomalies, and therefore, it is convenient to use an approach with capability to keep the maximum values to avoid missing areas corresponding to points of interest, as the one proposed in [4] :
where Γ n ( r) is the total reflectivity computed after updating with the local reflectivity corresponding to the n-th position.
This total reflectivity can be represented as an image to provide a real-time updated image.
III. RESULTS
In order to obtain a number of known positions, the object under test (a torso-like geometry with a bar attached as shown in Fig. 1a ) is placed at a turntable whose center is separated 29 cm from the microwave camera aperture (see Fig. 1b) . Six different positions are obtained by rotating the turntable by a step of 10 o . It is important to note that this process is virtually equivalent to moving the camera around the object. Fig. 2 depicts this setup including the global coordinate system used in this paper.
At each position, the camera provides an interpolated matrix of 66 × 61 samples, spaced by 2.75 mm and 2 mm for the x-axis and y-axis respectively, corresponding to points in the aperture along a regular grid [7] . For each point at the aperture grid, the data is sampled at 121 frequencies between 20 GHz to 30 GHz but only the lowest 100 frequencies are retained to take advantage of the band in which the best antenna matching is available [7] .
Imaging results for incremental partial views, according to the update equation given in (1), are shown in Fig. 3 . As additional views are added to the image data progressively (Figs. 3 (a) -(f) corresponding to 1-6 views) the geometry of the target, including the bar, becomes more evident. 
IV. CONCLUSIONS
The possibility of performing multiview imaging with a real-time microwave camera has been validated for the first time. The system, based on performing SAR acquisitions from different positions, shows the capability of merging the different views to achieve a complete three-dimensional model, which is not possible from a single view. This approach supposes a middle step towards the possibility of achieving free-hand multiview scanning with portable cameras. For that purpose, efficient positioning algorithms are currently under study to complement the system with accurate real-time positioning.
